It is known from studies outside the brain that upon binding to its receptor, angiotensin-(1-7) elicits the release of prostanoids and nitric oxide (NO). Cyclooxygenase (COX) is a key enzyme that converts arachidonic acid to prostaglandins. Since there are no data available so far on the role of COX-2 in the amygdala, in a first step we demonstrated that the selective COX-2 inhibitor NS-398 significantly reduced the probability of long-term potentiation (LTP) induction in the lateral nucleus of the amygdala. Similarly, in COX-2 −/− mice, LTP induced by external capsule (EC) stimulation was impaired. Second, we evaluated the action of angiotensin-(1-7) in the amygdala. In wild-type mice, angiotensin-(1-7) increased LTP. This LTP-enhancing effect of Ang-(1-7) was not observed in COX-2 +/− mice. However, in COX-2 −/− mice, Ang-(1-7) caused an enhancement of LTP similar to that in wild-type mice. The NO synthetase inhibitor L-NAME blocked this angiotensin-(1-7)-induced increase in LTP in COX-2 −/− mice. Low-frequency stimulation of external capsule fibers did not cause long-term depression (LTD) in drug-free and angiotensin-(1-7)-treated brain slices in wild-type mice. In contrast, in COX-2 −/− mice, angiotensin-(1-7) caused stable LTD. Increasing NO concentration by the NO-donor SNAP also caused LTD in wild-type mice. Our study shows for the first time that LTP in the amygdala is dependent on COX-2 activity. Moreover, COX-2 is involved in the mediation of angiotensin-(1-7) effects on LTP. Finally, it is recognized that there is a molecular cross-talk between COX-2 and NO that may regulate synaptic plasticity.
Long-term potentiation (LTP) and long-term depression (LTD) are two forms of activity-dependent synaptic plasticity that are thought to be involved in learning and memory. The reninangiotensin system does not only play a critical role in blood pressure control but is also involved in learning and memory mechanisms (Arima and Ito 2001; Wright et al. 2002; von Bohlen und Halbach and Albrecht 2006) . In addition to angiotensin II (Ang II), angiotensin-(1-7) [Ang-(1-7)] may also have important biological activities in the brain. We have recently shown that Ang-(1-7) enhances LTP in the CA1 region of the hippocampus (Hellner et al. 2005) . Our studies with AT1 receptor antagonists and a selective Ang-(1-7) receptor antagonist demonstrated the existence of a distinct Ang-(1-7) receptor in the brain, the Gprotein-coupled receptor Mas, encoded by the Mas protooncogene. We have also shown that the genetic deletion of this receptor abolishes the Ang-(1-7)-induced enhancement of LTP (Hellner et al. 2005) . It is known that Ang II acts on and through the amygdala to stimulate thirst and sodium appetite (Stellar 1993; Johnson and Thunhorst 1997) . We could show that Ang II not only changed neuronal activity in the amygdala of normotensive and hypertensive rats (Albrecht et al. 2000) , but also suppressed LTP in the lateral nucleus of the amygdala (LA) (von Bohlen und Halbach and Albrecht 1998). We were now interested in testing whether Ang-(1-7) also causes changes in LA-LTP. It is known that upon binding to its receptor, Ang-(1-7) elicits the release of NO and prostanoids (Santos et al. 2000) . Ang-(1-7) is able to activate endothelial NO synthetase (e-NOS). This is in line with the reported vasorelaxant effect of Ang-(1-7) on precontracted coronary arteries (Brosnihan 1998) , which could be blocked by pretreatment with NOS inhibitors. Furthermore, in rabbit aortic smooth muscle cells, Ang-(1-7) stimulates prostacyclin synthesis by promoting the release of arachidonic acid from tissue lipids via activation of CaM kinase II, which, in turn, via mitogen-activated protein kinase enhances cytosolic phosholipase A 2 activity (Muthalif et al. 1998 ). Cyclooxygenase-2 (COX-2) is an essential enzyme for prostaglandin synthesis from arachidonic acid. Recently, evidence has been accumulated indicating that there is a constant cross-talk between NO and prostaglandin release that occurs at many levels. The final effect of this modulatory activity is not univocal, since endogenous NO as well as NO donors have been found to switch on/off the COX pathway, depending on the basal levels of NO released, by the cell type in which prostaglandin biosynthesis is generated and by the intensity of the stimulus used for prostaglandin release (Mollace et al. 2005) . It is known that cyclooxigenases are implicated in some neurologic disorders, including stroke (Warner and Mitchell 2004) , epilepsy (Hashimoto et al. 1998; Takemiya et al. 2003 ), Parkinson's (Feng et al. 2003; Vijitruth et al. 2006) , and Alzheimer's disease (O'Banion 1999; Giovannini et al. 2003; Ho et al. 2006) .
Recent evidence that COX-2 is regulated by synaptic activity (Yamagata et al. 1993; Caggiano et al. 1996; Miettinen et al. 1997 ) implies participation of COX-2 in neuronal plasticity. It has been shown that selective COX-2 inhibitors significantly reduced postsynaptic membrane excitability, back-propagating dendritic action potential-associated Ca 2+ influx, and LTP induction in hippocampal dentate granule neurons and CA1 neurons, while COX-1 inhibitors were ineffective (Chen et al. 2002; Murray and O'Connor 2003; Slanina et al. 2005) . In addition, recent behavioral data indicate that COX-2 is a required biochemical component mediating the consolidation of hippocampusdependent memory (Teather et al. 2002) . The functional significance of COX-2 in the amygdala is unclear, although its expression is high (Kaufmann et al. 1996) . A comparably high packing density of COX-2-positive neurons also has been observed in the LA (Bidmon et al. 2000) . The question arises whether inhibition of COX-2 with NS-398 will influence LA-LTP evoked upon stimulation of EC fibers. To further assess the role of COX-2 in Ang-(1-7)-induced plasticity changes, we analyzed Ang-(1-7)-induced responses in brain slices derived either from COX-2-deficient (homozygous and heterozygous) mice or from wild-type controls.
Results

COX-2 affects basal transmission, short-term and long-term potentiation
To examine the effect of COX-2 on synaptic function in the amygdala, we first tested input/output curves in slices derived from heterozygous COX-2-deficient ‫)מ/+(‬ and homozygous COX-2-deficient ‫)מ/מ(‬ mice and compared them with those from wild-type mice (+/+). As shown in Figure 1A , input/output curves did not show significant differences between the groups taken as a whole. However, there was a significant difference between wild-type and heterozygous COX-2-deficient mice at higher current intensities (400-600 µA, P < 0.03).
To investigate pre-versus postsynaptic sites of action, we used a paired-pulse facilitation protocol consisting of two stimuli of the same intensity delivered at different time intervals. As shown in Figure 1B , in heterozygous COX-2-deficient mice (n = 31), the paired-pulse facilitation was significantly weaker at intervals from 10 to 70 msec as compared to controls (n = 30, P < 0.04). An insignificant reduction of paired-pulse facilitation was seen in homozygous COX-2-deficient mice (n = 39) in comparison with their wild-type littermates (n = 18; Fig. 1C ).
In response to high-frequency stimulation (HFS) of external capsule fibers, a similar potentiation of field potential amplitudes in the LA was observed both in wild-type and heterozygous COX-2-deficient mice (+/+, 141.0% ‫ע‬ 5.5% [n = 9] vs. ‫,מ/+‬ 141.8% ‫ע‬ 10.8% [n = 8]; Fig. 1D ). The magnitude of LTP did not differ significantly between these two animal groups. In contrast, the magnitude of LA-LTP was significantly decreased in homozygous COX-2-deficient mice relative to wild-type controls ‫,מ/מ(‬ 116.6% ‫ע‬ 6.5% [n = 8]; Fig. 1D ).
To further determine whether COX-2 participates in LTP of LA neurons, brain slices derived from wild-type mice were pretreated with NS-398 (10 µM, a concentration above IC 50 for COX-2 but below IC 50 for COX-1) (Vane et al. 1998 ) for 30 min prior to determination of the second input/output curve and paired-pulse facilitation. Whereas input/output curves did not show significant differences (n = 13; Fig. 2A Fig. 2C ). Thus, the experiments in COX-2 knockout mice as well as the experiments with pharmacological inhibition of COX-2 activity show that COX-2 is involved in mechanisms regulating synaptic plasticity in the amygdala.
Decrease in paired-pulse potentiation after induction of LTP Whether the locus of expression of LA-LTP is presynaptic or postsynaptic is still debatable. An increase in the probability of release of glutamate during LTP suggests a presynaptic involvement. As shown in Figure 3A , in wild-type mice, the plot of the ratios of second to first responses at varying interpulse intervals recorded 60 min after induction of LTP indicates that responses in the LA were significantly less facilitated throughout interpulse intervals of 10-100 msec than control responses recorded before the application of HFS (n = 21, P < 0.04). Thus, we observed LTP- Figure 1 . COX-2 influences excitability and plasticity in the lateral nucleus of the amygdala (LA). (A) Input/output curves, which demonstrate differences in field potential amplitudes between homozygous, heterozygous COX-2-deficient mice, and their wild-type littermates. Note a significant difference between wild-type and heterozygous COX-2-deficient mice at higher current intensities (400-600 µA, P < 0.03). (B) Paired-pulse ratios of field potential amplitudes in the LA in slices derived from (black bars) wild-type (+/+; n = 30) and (gray bars) heterozygous COX-2-deficient ‫;מ/+(‬ n = 31) mice. At interstimulus intervals from 10 to 70 msec, a significant reduction of paired-pulse facilitation was found in heterozygous COX-2-deficient mice (P < 0.04). (C) Paired-pulse ratios of field potential amplitudes in the LA in slices derived from (black bars) wild-type (+/+; n = 18) and (white bars) homozygous COX-2-deficient ‫;מ/מ(‬ n = 39) mice. (D) High-frequency stimulation (HFS) of external capsule fibers elicited a reduced magnitude of LA-LTP in homozygous COX-2-deficient mice ‫;מ/מ(‬ n = 8) in comparison with heterozygous COX-2-deficient mice ‫;מ/+(‬ n = 8) and their wild-type littermates (+/+; n = 9). Representative traces were recorded 5 min prior to tetanus and 60 min after tetanus in the lateral nucleus of the amygdala. Application of high-frequency stimulation (HFS; 2 ‫ן‬ 100 Hz, duration 1 sec, interval 30 sec) at time 0. Data points represent averaged amplitudes (mean ‫ע‬ SEM) normalized with respect to baseline values. induced significant decrease in PPF in LA neurons derived from wild-type mice after HFS of external capsule fibers similar to recent data obtained in coronal slices (Tsvetkov et al. 2002; Humeau et al. 2003) . Both in heterozygous (n = 25, P < 0.001) and homozygous COX-2-deficient mice (n = 21, P < 0.001), a significant decrease in paired-pulse facilitation was also obtained after induction of LTP over the range of interpulse intervals from 10 to 200 msec (Fig. 3B,C) . In contrast, paired-pulse facilitation recorded 60 min after induction of LTP was not significantly changed in NS-398-treated slices when compared to those recorded at the beginning of the recording (Fig. 3D) . Therefore, NS-398-induced suppression of LA-LTP did not result in changes in paired-pulse facilitation recorded 60 min after tetanic stimulation.
Ang-(1-7) did not affect basal transmission, but enhanced paired-pulse facilitation and LA-LTP in a concentration-dependent fashion As shown in Figure 4A , low concentrations (0.01 µM) of Ang-(1-7) did not change input/output curves (P > 0.05). However, paired-pulse facilitation was significantly enhanced by Ang-(1-7) throughout interpulse intervals of 40-90 msec in comparison with drug-free controls (n = 17; Fig. 4B ). Higher concentrations of Ang-(1-7) caused reduction of PPF (data not shown). Similarly, the effect of Ang-(1-7) on LA-LTP varied in a dose-dependent fashion, with higher doses of Ang-(1-7) (up to 5 µM) causing an inhibition of LA-LTP similar to that observed in the hippocampus (Hellner et al. 2005) caused by the stimulation of angiotensin AT1 receptors (data not shown). Since the specific angiotensin AT1 receptor antagonist, losartan, was able to block this suppression of LA-LTP, these data support our results in the hippocampus. Thus, Ang-(1-7) stimulates AT1 receptors when used in high concentrations. Therefore, we reduced the concentration of Ang-(1-7) to get Ang-(1-7) receptor-specific effects. In contrast to our dose-dependent results in the hippocampus (Hellner et al. 2005) , bath application of 0.5 µM Ang-(1-7) did not change the magnitude of LA-LTP in comparison with drug-free controls (136.4% ‫ע‬ 6.3% [n = 8] vs. 141.0% ‫ע‬ 5.5% [n = 9]). However, low (0.01 µM) concentrations of Ang-(1-7) caused an enhancement of LA-LTP (Fig. 4C) . Mean field potential responses were significantly higher in Ang-(1-7)-treated slices (159.1% ‫ע‬ 9.7%; n = 8, P < 0.001) than in drug-free control slices derived from wild-type mice. Such an LTP-enhancing effect of Ang-(1-7) was always found in the hippocampus with concentrations of Յ5 µM when using high-frequency stimulation (Hellner et al. 2005) .
The development of a selective Ang-(1-7) antagonist (A779) provided evidence for an Ang-(1-7) receptor distinct from the classical angiotensin receptors (Santos et al. 1994) . As shown in Figure 4D , the Ang-(1-7)-induced enhancement of LA-LTP could be blocked by the specific Ang-(1-7) receptor antagonist A779 (140.6% ‫ע‬ 6.9%; n = 8). Therefore, Ang-(1-7) facilitates the induction of LA-LTP through a specific Ang-(1-7) receptor. Our recent findings in the hippocampus (Hellner et al. 2005 ) are supported now by these data obtained in the amygdala, suggesting that this peptide is an endogenous ligand for the G-proteincoupled receptor Mas. This conclusion was supported by the observation that Ang-(1-7) did not change LA-LTP in Mas knockout mice (data not shown).
The mechanism of the LTP-enhancing effect by Ang-(1-7) is unclear, but it is known from different Ang-(1-7) studies outside the CNS that NO is involved in the mediation of Ang-(1-7) effects besides COX-2. In the CNS, NO is increasingly being considered as a trans-synaptic retrograde messenger, involved in neuronal plasticity. Therefore, we tested the unspecific inhibitor of the NOS L-NAME. In the presence of L-NAME, Ang-(1-7) was not able to affect the magnitude of HFS-induced LA-LTP (138.9% ‫ע‬ 4.2% [n = 10]; Figs. 4D, 5C). These results show that NO is also involved in Ang-(1-7)-mediated effects in the brain. The changes in paired-pulse facilitation suggest a presynaptic component.
Ang-(1-7) did not alter LA-LTP in heterozygous COX-2-deficient mice, but enhanced LA-LTP in homozygous COX-2-deficient mice
To assess the significance of COX-2 for the Ang-(1-7)-induced changes in synaptic plasticity in the amygdala, we administered Ang-(1-7) to COX-2-deficient mice. In heterozygous COX-2-deficient mice, Ang-(1-7) did not show any effect on HFS-induced LTP-neither at the concentration of 0.5 µM nor at 0.01 µM (143.2% ‫ע‬ 6.2% [n = 7] vs. 140.8% ‫ע‬ 4.6% [n = 7]) (Fig. 5A) . 
This result lets us assume that COX-2 is also involved in the mediation of Ang-(1-7) effects on synaptic plasticity in the amygdala.
Surprisingly, in homozygous COX-2-deficient mice, Ang-(1-7) elicited an enhancement of LA-LTP [166.7% ‫ע‬ 6.7% [n = 9] at 0.01 µM Ang-(1-7)] similar to that induced in wild-type animals. The Ang-(1-7)-induced change in field potential amplitude in homozygous COX-2-deficient mice during the last 6 min of the recording was significantly larger than that of heterozygous COX-2-deficient mice (P < 0.001). Obviously, in knockout animals, compensatory changes in other transmitter systems occur during the fetal period. The enhancement of LA-LTP induced by Ang-(1-7) in homozygous COX-2-deficient mice was blocked by L-NAME (135.3% ‫ע‬ 11.5% [n = 7]; Fig. 5B,C) . This finding suggests that compensatory changes in the NO system in COX-2 knockout animals preserved synaptic plasticity to levels similar to Ang-(1-7)-induced changes in wild-type mice.
Ang-(1-7) established LFS-induced LTD in homozygous COX-2-deficient mice
In agreement with our previous results obtained by intracellular and extracellular recordings in rats (Kaschel et al. 2004) , we found that prolonged low-frequency stimulation (LFS) of external capsule fibers (1 Hz for 15 min) did not induce LTD in the LA of slices derived from wild-type mice. LFS had also no significant effect on field potential amplitude in Ang-(1-7)-treated slices derived from wild-type mice (112.1% ‫ע‬ 5.4% [n = 6] vs. 102.7% ‫ע‬ 7.3% [n = 7], P > 0.05; Fig. 6A,D) . However, LFS delivered in the presence of 0.01 µM Ang-(1-7) reliably induced LTD in homozygous COX-2-deficient mice (107.6% ‫ע‬ 8.2% [n = 7] vs. 68.5% ‫ע‬ 11.6% [n = 5], P < 0.01; Fig. 6B,D) . Thus, stable LTD was only induced by Ang-(1-7) in COX-2 knockout mice. To test the hypothesis that an up-regulation of NO concentration in homozygous COX-2-deficient mice might be responsible for plasticity changes in the amygdala, we tried to enhance NO concentration by SNAP in wild-type mice. As shown in Figure 6 , C and D, incubation of slices with SNAP (100 µM) caused a longlasting weak depression of activity in response to LFS (89.5% ‫ע‬ 2.7% [n = 7]). Thus, the increase in NO concentration seems to support the development of LTD in the lateral amygdala.
Discussion
Our data provide the first evidence that COX-2 contributes to plasticity changes in the amygdala. We have shown that the COX-2 inhibitor NS-398 blocks LTP in the lateral amygdala. The involvement of COX-2 in the mediation of LA-LTP is supported by the decrease in LA-LTP in animals lacking the inducible enzyme COX-2. Previous studies have demonstrated a strong induction of neuronal COX-2 in response to depolarization (Yamagata et al. 1993; Caggiano et al. 1996; Miettinen et al. 1997) . COX-2 is dramatically and transiently induced in neurons of the amygdala in response to NMDA receptor activation (Andreasson et al. 2001) . Recently we have shown that LA-LTP is NMDA-dependent when EC stimulation is applied in horizontal slices (Drephal et al. 2006 ). The external capsule contains amygdala afferences from higher-order sensory cortices (deOlmos et al. 1985) . In horizontal slices, EC stimulation also activates excitatory afferences from the lateral entorhinal and perirhinal cortex that synapse in the lateral and the basolateral nucleus of the amygdala (von Bohlen und Halbach and Albrecht 2002).
Our result, regarding a reduced LA-LTP in COX-2 knockout mice, is supported by several studies conducted on hippocampal slices. These studies have shown that inhibition of COX-2 activity impaired LTP in the hippocampus (Chen et al. 2002; Slanina The plot of the ratios of second to first responses at varying interpulse intervals recorded 60 min after induction of LTP (Post) in wild-type mice indicates that responses in the LA were significantly less facilitated throughout interpulse intervals of 10-100 msec than control responses recorded before the application of HFS (Pre) (n = 21, P < 0.04). (B,C) Both in heterozygous (n = 25, P < 0.001) and homozygous (n = 21, P < 0.001) COX-2-deficient mice, a significant decrease in paired-pulse facilitation was obtained after induction of LTP over the range of interpulse intervals from 10 to 200 msec. (D) In slices in which NS-398 blocked the induction of LTP, paired-pulse facilitation recorded 60 min after tetanic stimulation did not differ from that recorded before washing in NS-398. (Teather et al. 2002; Rall et al. 2003) . Moreover, COX-2 transgenic mice have been shown to develop deficits in spatial memory (Andreasson et al. 2001 ). In our study, the impaired LTP in the amygdala seen in COX-2-ablated mice was likely due to altered gene expression as a result of aberrant metabolism of arachidonic acid in the absence of the inducible isozyme of COX. Arachidonic acid selectively inhibits the transient A-type K + current in hippocampal neurons (Bittner and Muller 1999) . In addition, it has been shown that COX-2 inhibition enhances inhibitory GABAergic synaptic transmission (Vaughan 1998) . In this way, LA-LTP also might be suppressed in homozygous COX-2-deficient mice. The reduced paired-pulse facilitation in heterozygous COX-2-deficient mice and in NS-398-treated mice suggests the involvement of presynaptic mechanisms. The insignificant reduction of Figure 4 . Dose-dependent effects of angiotensin-(1-7) on excitability and plasticity in the LA of slices derived from wild-type mice. (A) Ang-(1-7) (0.01 µM) did not change input/output curves significantly; (B) (blue bars) 0.01 µM Ang-(1-7) enhanced paired-pulse facilitation throughout interpulse intervals of 40-90 msec (n = 17); (C) 0.5 µM Ang-(1-7) (n = 8) did not change the magnitude of LA-LTP in comparison to drug-free controls (see Fig. 1D ), whereas 0.01 µM significantly increased LA-LTP (n = 8). (D) A779 (0.01 µM), a specific Ang-(1-7) receptor antagonist, blocked the LTP-enhancing effect of Ang-(1-7) (n = 8). The unspecific inhibitor of the NO system L-NAME (200 µM 
paired-pulse facilitation in homozygous COX-2-deficient mice might be due to compensatory changes during development in this mouse strain. COX-2, or rather its downstream product, may act as a retrograde signal mediating presynaptically-expressed plasticity in the LA. In this way, the impairment of LTP in homozygous COX-2-deficient mice could be also explained by a reduced glutamate release. Studies in coronal slices suggest the involvement of presynaptic mechanisms in EC-induced LA-LTP (Humeau et al. 2003) . The reduction of paired-pulse facilitation 60 min after tetanic stimulation of external capsule fibers in controls supports this view for horizontal slices. Although the HFSinduced increase in field potential amplitudes in COX-2 ‫מ/מ‬ is small, nevertheless an impairment of paired-pulse facilitation after tetanic stimulation was also observed in this mouse strain. In contrast, after complete depression of LTP caused by NS-398, no changes were observed in paired-pulse facilitation 1 h after tetanic stimulation.
Our data in heterozygous mice indicate that COX-2 is involved in mediation of the LTP-enhancing effect of Ang-(1-7) shown here for the first time in the amygdala. Similar to the data obtained in the hippocampus (Hellner et al. 2005 ), Ang-(1-7) enhances LA-LTP via the Mas receptor, whereas higher concentrations of Ang-(1-7) also act on angiotensin AT1 receptors. Stimulation of angiotensin AT1 receptors by high concentrations of Ang-(1-7) caused an inhibition of LA-LTP. A suppression of LA-LTP was also shown earlier for angiotensin II (von Bohlen und Halbach and Albrecht 1998). Angiotensin II also depresses LTP in the hippocampus (Denny et al. 1991; Armstrong et al. 1996) . Therefore, Ang-(1-7) at low concentrations provokes plasticity changes, being antagonistic to stimulation of AT1 receptors.
Whereas Ang-(1-7) did not change the magnitude of LA-LTP because of the limited COX-2 activity in heterozygous mice, in homozygous COX-2-deficient mice, Ang-(1-7) caused a strong enhancement of LA-LTP. Since we undertook this study to test the hypothesis whether COX-2 is involved in the mediation of the effects of Ang-(1-7) on plasticity in the amygdala, these results were not expected. We suppose that compensatory changes in the fetal period may account for the Ang-(1-7) effects seen in homozygous COX-2-deficient mice. Since it has been found that COX-2 is modulated by NO (Salvemini et al. 1993) , we tested the effect of the unspecific inhibitor of NOS, L-NAME. Blockade of NOS activity by L-NAME abolished the effect of Ang-(1-7) on LTP in the amygdala. These results support the conclusion that both COX-2 and NO are involved in the mediation of Ang-(1-7)-induced effects in the brain. Thus, there seems to be molecular cross-talk between the inflammatory mediators COX-2 and NO, with an up-regulation of NO synthesis in homozygous COX-2 knockout mice.
However, wild-type and homozygous COX-2-deficient mice did not show significant changes in response to low-frequency stimulation of external capsule fibers. Therefore, inhibition of COX-2 activity will negatively regulate LTP in the amygdala, but has no effect on LFS-induced activity. It is important that we (Kaschel et al. 2004 ) and others (Heinbockel and Pape 2000) have demonstrated that neither LFS nor theta pulse stimulation is able to induce LTD in LA neurons of normal rats when stimulating external capsule fibers. However, Ang-(1-7) caused stable LFSinduced LTD in homozygous COX-2 knockout mice, whereas it had no effect in slices derived from wild-type mice. We know from previous studies that SNAP enhances NO concentration in brain slices (Schuchmann et al. 2002) . In accordance with our hypothesis that an up-regulation of the NO system occurs in homozygous COX-2 mice, SNAP caused weak, but reliable LFSinduced LTD in wild-type mice. Thus, we show that an upregulation of NO synthesis caused plasticity changes in the lateral amygdala. Our results also support recent findings that NO signaling is an important component of memory formation of auditory fear conditioning (Schafe et al. 2005) . Figure 5A -C, as averaged 55-60 min after LFS and normalized with respect to baseline (mean ‫ע‬ SEM). Significant differences are indicated; (**) P < 0.001.
In summary, a deficiency of COX results in both beneficial and detrimental physiological conditions relative to imbalances of the eicosanoids. Thus, research of the COX pathway is essential to an understanding of COX deficiency, and examining the variable effects of COX inhibition is advantageous.
Materials and Methods Animals
Eight-to 12-wk-old male COX-2-deficient (COX-2 ‫מ/+‬ and COX-2
‫מ/מ‬
) and wild-type (SV129/C57BL/6 +/+ ) mice were derived from Taconic. Four mice per cage were kept under standardized conditions with an artificial 12-h dark-light cycle and a room temperature of 22°C. They had free access to food and water. All experimental protocols were approved by government authorities and conformed to the European Council Directive. The experimenter was blind to the genotype of each mouse, and experiments were randomized with respect to the different groups of animals on a day-to-day basis.
Preparation and recording
Detailed methods for slice preparation and position of the electrodes have been previously described and are provided here in brief (Drephal et al. 2006) . The mice were anesthetized with isoflurane and decapitated. For extracellular recordings, the brains were removed quickly and placed in ice-cold artificial CSF (ACSF) (129 mM NaCl, 3 mM KCl, 21 mM NaHCO 3 , 1.25 mM Na 2 HPO 4 , 1.8 mM MgSO 4 , 1.6 mM CaCl 2 , 10 mM glucose). Hemisected horizontal slices (400 µm) were prepared with a vibroslicer (Campden Instruments). The appropriate slices were placed in an interface chamber and allowed to equilibrate for 120 min at 35°C. They were superfused continuously with ACSF (1.5 mL/ min). The pH was maintained at 7.4 by oxygenating and carbogenating the solution with 95% O 2 and 5% CO 2 .
Glass microelectrodes (Science Products) were filled with ACSF (tip resistances 1 M⍀) and placed in the caudoventral part of the LA to record field potentials. Bipolar stimulation electrodes were used to stimulate afferents running through the external capsule. Single or paired stimuli (duration 100 µsec) were presented every 10 sec. Signals of the evoked responses were amplified and filtered (bandpass, 0.1 Hz to 3 kHz) by a preamplifier (World Precision Instruments), displayed on a storage oscilloscope, and fed via a CED laboratory interface (Cambridge Electronic Design) to a computer for storage.
Stimulation parameters
An input/output (I/O) response curve was constructed by varying the intensity of single-pulse stimulation and averaging six responses to each intensity. Different stimulus intensities were used. The stimulus intensity that evoked field potential amplitude equal to 50% of the maximal response was then used for all subsequent stimulations, that is, paired-pulse, tetanus (HFS), lowfrequency stimulation (LFS), and subsequent single-pulse stimulations.
To evaluate short-term synaptic interactions, paired-pulse stimuli were delivered with interstimulus intervals ranging from 10 to 500 msec. Six consecutive impulses were averaged off-line for each interval. The relative amplitude of the second with respect to the first response amplitude was calculated and plotted as a paired-pulse ratio against the interstimulus interval.
Following paired-pulse stimulation, single stimuli were applied for at least 30 min, and responses were monitored. Once a stable baseline of responses had been obtained for at least 20 min, either high-frequency stimulation (HFS) was delivered as two trains at 100 Hz (duration 1 sec, 30 sec apart) or LFS (1 Hz for 15 min). Subsequent responses to single stimuli were recorded for at least 60 min, and their amplitudes quantified as percent change with respect to baseline.
Drug application
In drug-treated slices, HFS or LFS was induced 30 min after perfusing the slices with drugs. We alternated between the control and treatment experiments reported in each figure to account for potential day-to-day as well as time-of-day differences. Ang-(1-7) (0.01 µM, 0.5 µM, 5 µM) and A779 (0.025 µM) were obtained from Bachem. The COX-2-specific inhibitor N-[2-cyclohexyloxy-4-nitrophenyl]-methanesulfonamide (NS-398) (Tocris Bioscience) was used in a concentration of 10 µM. In some experiments L-NAME (N-nitro-L-arginine methyl ester, 200 µM; Sigma) was used to investigate the influence of inhibition on NO production in the slices. NO donor SNAP (S-nitroso-N-acetylpenicillamine; Tocris Bioscience) was applied in concentrations of 100 µM in agreement with our previous results (Schuchmann et al. 2002) . Application of 1 mM SNAP has been shown to increase the NO concentration in a solution to ∼0.5 µM for at least 20 min (Brorson et al. 1999) . Therefore, incubation with SNAP concentrations of 100 µM will correspond to ∼50 nM NO.
Because all substances were washed in by perfusion, they were transported over a certain distance in tubes before they reached the incubation chamber. Therefore, a certain concentration of the substance may adhere to the tubes or will be degraded during transport. Previous studies have shown that equilibration would take a long time and that after 30 min only 30% of the substance could be measured within a 300-µm-thick slice (Müller et al. 1988 ).
Data analysis
Data were collected and averaged with the custom-made software Signal 2 (Cambridge Electronic Design). The amplitude of field potentials evoked by stimulation of external capsule fibers was observed online, but later reanalyzed offline. We defined the field potential amplitude as the absolute DC voltage of a vertical line running from the minima point of the field potential to its intersection with a line running tangent to the points of field potential onset and offset. The significance of differences within groups was calculated by a Wilcoxon test. The significance of differences between groups was calculated by a Mann-Whitney test (Software GraphPad Prism 4). P < 0.05 was considered significant. To express and compare changes in field potential amplitude between the animal groups, we averaged responses from the 55-60 min period after HFS.
